Abstract. Using the general loss-cone distribution function electromagnetic ion cyclotron (EMIC) instability affected by up going ion beam has been studied by investigating the trajectories of charged particles. The plasma consisting of resonant and non-resonant particles has been considered. It is assumed that the resonant particles participate in energy exchange with the wave, whereas non-resonant particles support the oscillatory motion of the wave. The effect of ion beam velocity on the dispersion relation, growth rate, parallel and perpendicular resonant energy of the EMIC wave with general loss-cone distribution function in hot anisotropic plasma is described by particle aspect approach. The effect of beam anisotropy and beam density on electromagnetic ion cyclotron instabilities is investigated. Growth length is derived for EMIC waves in hot anisotropic plasma. It is found that the effect of the ion beam is to reduce the energy of transversely heated ions, whereas the thermal anisotropy of the background plasma acts as a source of free energy for the EMIC wave and enhances the growth rate. It is observed that ion beam velocity opposite to the wave propagation and its density reduces the growth rate and enhance the reduction in perpendicularly heated ions energy. The effect of ion beam anisotropy on EMIC wave is also discussed. These results are determined for auroral acceleration region. It is also found that the EMIC wave emissions occur by extracting energy of perpendicularly heated ions in the presence of an up flowing ion beam.
Introduction
Electromagnetic ion cyclotron waves are a common and important feature of the Earth's magnetosphere. The source of free energy for wave excitation is provided by the temperature anisotropy of pitch angle distribution of ring current ions, which naturally develops during inward convection from the plasmasheet (Gamayunov et al., 2009 ). The EMIC waves have frequencies below the proton gyrofrequency, and they are excited mainly in the vicinity of the magnetic equator with a quasi-field-aligned wave normal angle (Kennel and Petschek, 1966) . These waves were observed in the inner (Erlandson and Ukhorskiy, 2001 ) and outer (Anderson et al., 1992a, b) magnetosphere, at geostationary orbit (Mauk, 1982) , at high latitudes (Erlandson et al., 1990) and at ionospheric altitudes (Braysy et al., 1998) . Usanova et al. (2008) have stated that Pc1 (0.2-5 Hz) pulsations are continuous geomagnetic field fluctuations believed to be generated by the electromagnetic ion cyclotron instability. The instability causes pitch angle diffusion, proton precipitation, and generation of ion cyclotron waves. Engebretson et al. (2007) observed that ion cyclotron wave growth rates could be significantly increases by addition of cool hydrogen (Sandanger et al., 2007) .
The hot and cold plasma populations in the inner magnetosphere interact with each other. Energy transfer between the ring current and the plasmasphere cause decay of the hot population and heating in the cold plasma (Kozyra et al., 1987; Fok et al., 1993 Fok et al., , 2005 . Anisotropies in ring current and radiation belt particles excite plasma wave growth in the plasmasphere. These waves in turn, give rise to pitch-angle and energy diffusion of the energetic plasma (Jardanova et al., 2001; Khazanov et al., 2003; Summers et al., 1998) . Energy is transferred from the hot ions to the plasmaspheric particles. The hot ions thus lose energy and when their energies are reduced to below the ring current energy range (<1 keV), these ions are treated as lost from the ring current. Collin et al. (1998) stated that the most intense visual auroral displays are the result of a series of complicated processes
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that include acceleration of electrons downwards and ions upwards so called auroral acceleration region. Newell et al. (1998) have identified unexpected variations in the occurrence of intense auroral displays in the evening local time sector. These exciting new results, if independently confirmed, can provide new insights into some of the processes involved in the formation of auroral displays (Collin et al., 1998) . The importance of ion cyclotron waves in auroral physics lies in their ability to heat ions, accelerate/modulate electrons, and perhaps to provide anomalous resistively, allowing for the creation of a parallel potential drop (Ahirwar et al., 2006b) . Observations from Fast Auroral Snapshot (FAST) spacecraft at ∼4000 km altitude in ion beam region (Cattell et al., 1991; Ergun et al., 1998) show that these waves are electromagnetic. In past studies on EMIC instability, in auroral acceleration region have been performed by various authors (Gomberoff and Elgueta, 1991; Horne and Thorne, 1997; Ahirwar et al., 2006b Ahirwar et al., , 2007 . The up going ion beam are reported by the S3-3 satellite (Mozer et al., 1977) and by Polar satellite data (Mozer and Hull, 2001) . Ions are often observed to have been accelerated transversely to the background magnetic field in the auroral region (Sharp et al., 1977; Lund et al., 2001 ). As they drift upward in the diverging field ions exchange some of their perpendicular energy via the mirror force to the energy of motion along the field. Such distributions, known as ion conics, have their characteristic shape in velocity space (Lund et al., 2001) . The association of ion conics with EMIC waves has been given by various workers Lund et al., 1999a, b, c) . Here we concentrate upon the excitation of EMIC waves by an up flowing ion beam in the converging field of the auroral acceleration region and the energy exchange of the ions along and perpendicular to the magnetic field considering only H + ions to examine behavior of EMIC waves.
Ion beam is commonly believed to be produced by acceleration through a field aligned potential drop which also accelerates electrons downwards producing "inverted V" electron distributions. Collin et al. (1986) showed that the ion beam energy is closely related to the magnitude of the potential drop estimated from the enhancement of the electron loss cones. In order to examine up flowing ions only near the auroral acceleration region, data were used from only near perigee which was at an altitude of about 0.8 R E over the southern polar region (Collin et al., 1998) . Ahirwar et al. (2006) have stated that the ion beam considered does not follow the loss-cone distribution, it is background plasma of the auroral acceleration region which may permit the general loss-cone distribution due to converging magnetic field lines. The ion beam is supposed to follow the drifting general losscone distribution function (Gomberoff, 1992) . The ion beam in the direction of the wave motion may damp these waves if the ion beam velocity is smaller than the phase velocity of the wave; however, the ion beam opposite to the wave motion may excite the waves, as reported in this paper. In our present paper, we have considered the electrodynamics of the auroral ionospheric region by an EMIC wave study. The theoretical analysis so developed may be extended to ring current and to the equatorial region of the space plasma.
In the past Ahirwar et al. (2007) have considered the effect of ion-beam velocities on EMIC waves with general loss-cone distribution function and have examine the effects of beam velocities and loss-cone distribution induces J . They have used the cold-plasma dispersion relation which may be inappropriate as plasma is thermalised and thermal anisotropies play a significant role. Ahirwar et al. (2007) have not distinguished between the beam plasma and the background core plasma adopting the same distribution function for both the plasmas which may be inadequate for the analysis. In the present paper we have considered the hot plasma dispersion relation and have used separate distribution function for core plasma and the ion beam. The effects of beam densities and beam anisotropies have been also considered and growth length is obtained. The results so obtained are discussed for the auroral acceleration region.
The method adopted here knows as particle aspect analysis has been widely used in the analysis of electrostatic and electromagnetic instability (Duan et al., 2005; Mishra and Tiwari, 2006; Patel et al., 2011) . The main advantage of this approach is to consider the energy transfer between waves and particles along with the discussion of dispersion relation and growth/damping rate of the wave. The method may be suitable to deal with the auroral electrodynamics where particle acceleration is also important along with wave emissions.
Basic trajectories
The waves propagating in the direction of ambient magnetic field along the z-axis are considered. The EMIC waves are assumed to start at t = 0 when the resonant particles are not yet disturbed. Taking the particle trajectory in the presence of EMIC waves, the dispersion relation, the change in the charged particle energy and growth rate are then derived for different distribution indices in the presence of up flowing ion beams, in anisotropic plasma by the particle aspect analysis.
The basic mathematical treatment of EMIC waves using the particle aspect approach is given by Misra and Tiwari (1979) . The left-handed circularly polarized waves, having an angular frequency ω, are considered as:
When the system is co-moving with the waves, the electric field vanishes. Thus the wave magnetic field has the form
Where the following transformation has been performed:
Since ck/ω 1, the magnetic field amplitude may be regarded in both system as identical. Using the equation of ion motion in the presence of the wave, Misra and Tiwari (1979) , have derived the ion perturbed velocities as
Where ε = 0 for non resonant and ε = 1 for resonant particles, V −α and V ||α are the initial value of the velocities at t = 0, α = i,e stands for ions and electron core plasma,
is the ratio of electromagnetic to static magnetic field
m α c is the cyclotron frequency and ψ is the initial phase in perpendicular velocity.
Density perturbations
The perturbed density n 1 is obtained by the method outlined in reference (Ahirwar et al., 2006a (Ahirwar et al., , 2007 
Where, χ = kz − ωt − ψ, A = kV ||,α − (ω − α ).
Distribution function
We choose the general loss-cone distribution function for electron and ion core of background plasma
Where,V 2
m , α = i,e stands for ion and electron core plasma.
The drifting general loss-cone distribution function for ion beam (Gomberoff, 1992 ) is defined as,
Where, V D is the velocity of drifting beam related to the background core plasma. V T ⊥b and V T ||b represent perpendicular and parallel thermal velocities of the ion beam.
Dispersion relation
The dispersion equation for hot plasma for the electromagnetic ion cyclotron wave (Cornwall and Schulz, 1971; Gomberoff, 1992; Patel et al., 2011) in auroral acceleration region are defined in the magnetic field as
Where, ω 2 pe = 4π n e e 2 M e defines the plasma frequency for the
defines the plasma frequency for the
−1 is the thermal anisotropies of electrons (Gomberoff and Cuperman, 1981) .
Energy balance
The energy of the electromagnetic wave U for the plasma is defined by the expression as, (Misra and Tiwari, 1979; Patel et al., 2011 )
Where ε ik is the dielectric tensor. After the calculation the electromagnetic wave energy per unit wavelength is given by:
The total wave energy per unit wave length λ is given by,
Where,
We find the parallel W α||c and perpendicular W α⊥c nonresonant energy with ε = 0, by Eqs. (4), (5), (6) and (9) for background plasma, (Ahirwar et al., 2006a (Ahirwar et al., , 2007 Patel et al., 2011) W ||c,α = − λB 2 8π
Similarly the perpendicular non resonant energy is given by the expression
And parallel, perpendicular non resonant energies of beam is,
The total non resonant energy of core plasma and beam in parallel and perpendicular direction is
The perpendicular and the parallel resonant energy of the core plasma, with ε = 1 is,
For ion beam resonant parallel and perpendicular energy is defined as,
Total resonant energy is given as
The expressions for resonant energies Eqs. (12)- (17) depend upon t. In numerical calculations since the change in energy was evaluated per unit wave length the t was replaced by 2π/ω, hence the growth rate was evaluated.
Growth rate
From the energy conservation law, we can easily obtain an expression for the growth/damping rate γ of the wave (Patel et al., 2011) ,
Hence the growth rate is obtained as
− 1 is the effective thermal anisotropy of core and (J + 1)
− 1 is the effective thermal anisotropy of beam.
Here it is noticed that the ion beam (V D ) has affected the growth rate and change in energy for the electromagnetic ion cyclotron waves propagating parallel to the magnetic field with a general loss-cone distribution function for core plasma.
Growth length
The growth length of the electromagnetic ion cyclotron wave is derived from (Tiwari et al., 2008) 
Where, γ is growth rate, V g is group velocity of the wave.
Where
Thus growth length is obtained from Eqs. (19), (20) and (21) as
Result and discussion
In the numerical calculation of the growth rate, parallel and perpendicular resonant energies, we have used the following parameters for the auroral acceleration region plasma (Mishra and Tiwari, 2006; Ahirwar et al., 2006b; Gomberoff and Cuperman, 1981; Daughton and Gary, 1998) 
T e = 25 − 50 eV, V T ||i = 6.41 × 10 8 cm s −1
Equations (16)- (18), (22) presentation. In auroral acceleration region the EMIC wave instability is determined as predicted by above figures. Figure 1 shows the variation of growth rate versus wave vector k at different distribution indices J = 0, 1, 2 respectively and different ion beam velocity. It is assumed that the ion beam is directed from the ionosphere towards the magnetotail and therefore negative. It is observed that the effect of increasing the ion beam velocity is to reduce the growth rate that may be due to the transfer of wave energy to the beam. The steepness of loss-cone distribution increases the growth rate as reported earlier (Ahirwar et al., 2007) . The increase in the loss-cone index shifts the peak of growth rate towards the lower side of the wave number k and the peak value of the growth rate also increases. Thus, the mirror-like structure of the magnetosphere with a steep loss-cone distribution may be unstable for the EMIC wave emission.
Up going, counter streaming and down going field-aligned electron beams are also often associated with up flowing ions with canonical pitch angle distribution over the auroral region (Lund et al., 2000 (Lund et al., , 2001 Yoshioka et al., 2000) . The electromagnetic ion-cyclotron wave generates a field-aligned electron (Temerin and Roth, 1986 ), but they accelerate electrons downward. In the present investigation it is noted that ion beam are also generated by EMIC wave opposite to the direction of the propagation of the EMIC wave. Figure 2 depicts that the variations of perpendicular resonant energy (W r⊥ ) versus wave vector k. This observation was found for different ion beam velocity at different distribution index J for fixed ion and electron thermal anisotropy. When we increase the value of ion beam velocity the resonant energy in perpendicular direction decreases, the cause of it is that the ion beam extracts more energy from the wave and the perpendicular wave energy was consumed in EMIC wave excitation. The distribution index J enhances the perpendicular resonant energy reduction as evident by the figure. The correlation of the EMIC ion conic with phenomena which are associated with ion thermal anisotropy play an significant role in transverse ion cooling in the aurora by the wave excitation. The particles heaving greater energy as compared to the wave transfer energy to the wave via cyclotron interaction and the wave growth is possible. The negative W r⊥ indicates that the particle energy is transferred to the wave. Thus, wave emission occurs by extracting energy from the ion moving perpendicular to the magnetic field. Recently transversely accelerated ions and their association with EMIC waves have been reported by the analysis of FAST observations (Lund et al., 2000) . The steep loss-cone decreases the energy of the transversely accelerated ions through the EMIC instability in the auroral acceleration region.
In Fig. 3 we showed the variation of parallel resonant energy versus wave vector k. These figures exhibit parallel resonant energy of hot plasma at fixed electron thermal anisotropy (A e ) and ion thermal anisotropy (A i ) for distribu-20 distribution index J is to increase the parallel resonant energy of the ions. This may be due to the mirroring effect of ions and interchange of energy between particle and wave. growth length is in accordance to the growth rate, however the distance between the auroral acceleration region and the lower ionosphere is not sufficient for the wave to achieve its peak. The wave may not be completely excited/ dissipated by wave particle interaction mechanism and some other phenomena may be required. tion indices J = 0, 1 and 2 respectably. In this study we observed the effect of ion beam velocity on parallel resonant energy of hot plasma. The effect of increasing value of ion beam velocity is to decrease the parallel resonant energy through the EMIC wave. The effect of increasing value of distribution index J is to increase the parallel resonant energy of the ions. This may be due to the mirroring effect of ions and interchange of energy between particle and wave. Figure 4 indicates the variation of growth length (L g ) versus wave vector k at fixed values of electron thermal anisotropy, A e = 3 × 10 −1 and ion thermal anisotropy, A i = 10 for hot plasma at J = 2 for different values of beam thermal anisotropies. It is clear from figure that initially growth length decreases with increase in wave vector and after about k =∼ 3 × 10 −7 growth length increases with the increase of wave vector and the increasing values of ion beam thermal anisotropy decrease the growth length of the waves. The growth length is in accordance to the growth rate, however the distance between the auroral acceleration region and the lower ionosphere is not sufficient for the wave to achieve its peak. The wave may not be completely excited/ dissipated by wave particle interaction mechanism and some other phenomena may be required. Figure 5 shows the variation of Growth rate (γ / ), parallel resonant energy (W r|| ), and perpendicular resonant energy (W r⊥ ) versus k, for different values of beam thermal anisotropies (T b ) at fixed values of electron thermal anisotropy, A e = 3 × 10 −1 and ion thermal anisotropy, A i = 10 for hot plasma at distribution index J = 2. It is clear from figure that the growth rate and parallel energy increase with increasing the beam thermal anisotropy. Thus beam thermal anisotropy also contributes toward the growth of the EMIC wave. Whereas, there is a reduction in perpendicular energy increases with increasing beam thermal anisotropy, means that beam thermal anisotropy may be a source of energy for waves in earth's magnetosphere. EMIC waves are important in magnetospheric dynamics since they are able to cause heating of the thermal plasma , and pitch angle scattering and loss of both ring current ions and relativistic electrons. A quantitative assessment of the ability of EMIC waves to scatter relativistic electrons is complicated by the fact that, for a specified hot ion population, the most unstable excited wave frequencies tend to be lower (higher) in regions of higher (lower) density. EMIC waves also tend to have group velocities closely aligned with the magnetic field, which effectively prevents higher-frequency waves, excited in lowerdensity regions, from accessing high-density regions where the resonant electron energies are lower. Figure 6 shows the variation of Growth rate, perpendicular and parallel energy versus wave vector k at fixed values of electron thermal anisotropy, A e = 3 × 10 −1 and ion ther- mal anisotropy, A i = 10 for hot plasma at J = 2 for different values of beam densities. It is clear that growth rate is decreased with increase in density of beam whereas parallel resonant energy and reduction in perpendicular resonant energies are increased with increase in beam density. Thus beam density also contributes similar to the beam velocity in the dynamic if EMIC wave. In this study we have considered only one ion species. However, in the auroral acceleration region, there are several ion species drifting relative to each other. The presence of various drifting ion affects the hot plasma dispersion relation (Cornwall and Schulz, 1971) . The present basic model can be useful to explain some of the observations qualitatively and may be useful to explain perpendicular energisation in the extended solar corona.
Present study indicates that hot anisotropic plasma may play a significant role in the description of auroral dynamic by EMIC instability. The role of ion beam velocity and beam anisotropy with loss-cone distribution function in hot anisotropic plasma should be taken into account of dealing the dynamics of EMIC wave in magnetospheric plasmas. This analysis indicates that beam anisotropy also play a source of energy for wave whereas, beam density, and beam velocities opposite to wave propagation control the dynamics of ion cyclotron waves significantly and may be the cause of dissipation of EMIC wave in the auroral acceleration region and growth length shows the length requires for wave excitation in hot plasma. The perpendicular, parallel resonant energies, growth rate and growth length, explain the wave scenario in auroral acceleration region. It is applicable to explain EMIC wave phenomena in earth's magnetosphere. The effect of increasing ion beam velocity is to reduce the growth rate that may be due to a shifting of the resonance condition. This is an example demonstrating that EMIC waves serve as media for energy transfer from hot plasma to the cold plasma. The hot plasma provides the free energy for wave generation and the subsequent damping of these waves heats up the cold plasma (Fok, 2005) . In view of the observations of EMIC wave around the auroral acceleration region our theoretical investigation indicate that the EMIC wave emission and the related phenomena can be suitably described considering the general loss-cone distribution function in the anisotropic hot plasma, which may be the cause of ring current destabilization and pitch angle scattering. The EMIC waves resulting in the magnetosphere are not only a passive element in the coupled ring current ionospheric system but also may influence the electrodynamics of coupling.
